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(54) Testing for the presence of living organisms at the surface of an object 



(57) A rnethod of determlnirig the quantity of living organisms atthesurface of an object involves applying a 
biolumlnescent agent, for example firefly luciferin-luciferase enzyme, onto the surface, conveniently by spraying. NRB 
nucleotide releasing reagentisthensprayedontothesurfacewetted withtheenzymesolution. AstheATP-bearing 
cells of any micro organisms present atthesurface of the sample are disrupted by the releasing agent, the ATP is 
released into an environment of firefly enzyme whereby bioluminescenceisemitted in the immediate vicinity of the cell 
from which the ATP was released. 

The luminscence is then monitored by apparatus which has a display device which may be calibrated to indicate 
the level of the emitted luminescence, or where a particular organism is to be detected directly in quantity of organism 
per unit area. 



The drawing(s) originally filed was (were) informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Testing for the presence of living organisms at tlie 
surface of an object 

5 

The Invention relates to a method of determining the 
quantityof living organisms at the surface of 
an object, the living organisms having cells bearing a 
biochemical substance which is capable of 
1 0 reaction with a specific enzyme to produce 

biolumlnescence comprising the steps of applying to 
thesurface an agent forthe release of the biochemical 
substance from the cells, providing a 
bfoluminescent agent for reaction with the released 
15 biochemical substanceto produce bio- 
luminescence and detecting the luminescence 
produced. The invention further relates to appar- 
atus for carrying out the method. 
It has been known for several years that all living 
20 organisms contain adenosine triphosphate 

(ATP), and that hydrolytic reaction of ATP with certain 
enzymes results in the production of light, 
although the mechanism of the reaction is not 
necessarilyfully understood. The amount of light, 
25 referred to as bioiuminescence, emitted is very small, 
and it has been the practice, in laboratory 
experiments with the reaction, to determine the light 
emission by use of a photometer. 
The ATP is contained in cells within the organisms, 

30 and can be released from the cells by the 

application of a reagent capable of attacking the cell 
membrance. It has now been realised thatthe 
reaction can be adapted to provide a simple, rapid 
and essentially non-destructive testforthe 

35 contamination by micro-organisms of the surface of 
objects such as pieces of textile fa brie. 

ATP is. In fact, only one of a group of biochemical 
substances, each of which is capable of 
reaction with a specific enzyme to produce 

40 bioiuminescence, and although in thefollowing 
specification reference will be made for the sake of 
simplicity primarily to ATP, it should be understood 
thatthe term is to be construed as extending toany 
member of the aforementioned group or a 

45 derivative thereof. 

U.K. Patent Application No. 2116709A describes 
and claims a method oftestforthe presence of 
living organisms having ATP-bearing ceils atthe 
surface of an object, comprising applying to the 

50 surface an agent forthe release of ATP from the cells, 
providing a bioluminescent agentfor 
reaction with released ATP to produce 
bioiuminescence, and observing the luminescence 
produced. i 

55 Thatapplicatlon suggeststhatthe luminescence" { 
can be seen by the eye or recorded by a camera 
with the aid of an image intensif ier. It also suggests 
that by providing the image intensif ier with a 
video camera and recording system, and provided 

60 thatthe reagents applied do not inhibitthe I 
growth of the micro organisms, the technique may 
provide a method for observing and recording [ 
thedeveloping extent ofcontamination as a function | 
of time. However, image intensifiers are I 

65 normally operated to give a constant output • 



brightness once a threshold image brightness has 
been exceeded and consequently a determination of 
the quantity of organisms ata given point is 
not feasible by viewing the bioiuminescencethrough 
70 the image intensif ier or by recording the 
image by means of a camera. 

It is an object of the invention to enable a 
quantitative determination of the presence of living 
organisms at thesurface of an object. 
75 The invention provides a method of determining 
the quantity of living organisms at the surface 
of an object as set forth In the opening paragraph 
characterised in thatthe luminescence is moni- 
tored by a detection device which produces an 
80 electrical output which is dependent on the inten- 
sity of the luminescence falling on the detection 
device,that the electrical output is converted to a 
measure of the quantity of the living organisms 
present, and thatthe converted output is arranged 
85 to drive a display device. 

The invention further provides apparatus arranged 
to carry out the method set forth in the 
preceding paragraph, the apparatus comprising a 
detection device for receiving the luminescence 
90 and converting the received luminescence to an 
electrical signal whose magnitude is dependent 
on the intensity of the received luminescence, means 
for converting the electrical signal to a signal 
which is representative of the quantity of living 
95 organisms present in a given area, and means for 
displaying the converted signal. 

The method and apparatus set forth in the two 
preceding paragraphs have the advantage over 
the method disclosed in U.K. Patent Application No. 
100 21 16707A that a quantitative determination of 
the living organisms present atthe surface of an 
object can be conveniently made. Although that 
application makes reference to semi-quantitative 
determination by estimation of the luminesc- 
105 ence seen through an Image intenslfierthis is only 
feasible over a limited range of intensities since 
the image intensifier will either saturate or have its 
gain reduced by an automatic gain control 
arrangement once a threshold value has been 
110 reached. Another semi-quantatitive approach 
suggested by the cited application is to repeatedly 
photograph the image intensifier output over a 
period of time and thus record the change in area of 
contamination. This is a time consuming task 
115 and will only indicate whetherthe area of 

contamination ischanging and will notgive a reliable 
indication of the degree ofcontamination ata 
particular point. 
The detection device may comprise a photo-diode 
120 ora photo-transistor. Alternatively the detec- 
tion device may comprise a photomultipliertube. 

These alternatives allow a comparatively 
inexpensive monitoring apparatusto be constructed 
and in particular when a photo-diode or 
1 25 photo-transistor is used a portable battery operated 
apparatus may be constructed. There are other 
devices which may be used as the detection 
device, for example the electrical output of the 
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automatic gain control circuit of an image inten- 
sifier could be used provided thatthe lower detection 
limit, which is determined by the threshold 
illumination at which the automatic gain circuit starts 
5 to operate,, is sufficiently lowforthe required 
sensitivity of detection. 

In orderto concentrate the maximum illumination 
on the detection device a lens or mirror may 
be provided for focussing the received luminescence 
1 0 on the detection device. This will increase 
the detection sensitivity of the apparatus. 

The display means may comprise a digital 
voltmeter. This can be a comparatively compact and 
inexpensive item enabling a digital display of the 
1 5 quantity of organisms present. 

An embodiment of the invention will now be 
described, byway of example, with reference to 
the accompanying drawings, in which:- 

Figure / shows in partial cross section apparatus 
20 for carrying outthe method of determining the 
quantity of living organisms at the surface of an 
object; and 

Figure2s\\oysis a circuit diagram of the apparatus of 
Figure 1. A method according to the 

25 inventin of determining the quantity of living 
organisms atthesurfaceof an object involves 
applying a biolumlnescent agent, for example Firefly 
luciferin-luctferase enzyme, onto the sur- 
face, conveniently by spraying. No significant 

30 reaction with ATP from su rface contamination 

occurs at this stage because the ATP is predominantly 
enclosed within cell membrances. Com- 
mercially available firefly enzyme may Itself be 
slightly contaminated with ATP however and there 

35 may be a slight bioluminescent background from 
reaction of the enzyme with such traces of ATP, 
and such background luminescence should be 
discounted in considering that revealed afterthe 
next subsequent step. 

40 NRB nucleotide releasing reagent is then sprayed 
onto the surface wetted with the enzyme 
solution. As the ATP-bearing cells of any micro 
organisms present at the surface of the sample are 
disrupted by the releasing agent, the ATP Is released 

45 into an environment of firefly enzyme 
whereby bloluminescence Is emitted in the 
immediate vicinity of the cell from which the ATP was 
released. 

For instruction on the preparation of the Firefly 
50 luciferin-luciferase enzyme reference should be 
made to the aforementioned patent application. 

The luminscence Is then monitored by apparatus 
which is described herelnafterto determine 
the level of the emitted bloluminescence. The 
55 apparatus has a display device which may be 
calibrated to indicate the level of the emitted 
luminescence, or where a particular organism istobe 
detected directly In quantity of organism per unit 
area. 

60 Figure 1 shows In partial cross-section apparatus 
for carrying outthe method described. An 
ashown In Figure 1 the apparatus comprises a body 1 
ofany arbitrary cross-section, for example 
circular or rectangular, the body 1 having an opening 

65 2through which lightcanpasstoa iens3 



mounted within the body 1 . The lens 3 is arranged to 
focusthe light passing through the opening 2 
onto a detector 4, which may be a photo-diode. The 
detector is connected in an electrical circuit 

70 such as that shown in Figure 2. A display device 5 Is 
mounted in the body 1 to provide an indication 
of the quantity of organisms present in an area 
corresponding to the area of the opening 2. To 
perform the methodthe ATPand NRB nucleotide 

75 releasing reagent are sprayed on the surface 6 of 
an object to be investigated and the organisms 7then 
luminesce. The body 1 is then placed over 
the luminescing organisms so that the emitted 
radiation passes through the opening 2 and is 

80 focussed onthedetector4. Areading is then 
produced on the display device 5. It is, of course, 
important to exclude ambient light from the detector 
4 and thus the opening 2 must be placed in 
contact with the surface of the object. 

85 Figure2showsthedetector4intheformof a 
photodiode which is connected to the input of an 
operational amplifier A1 . The parallel arrangement of 
a resistor R2 and a capacitor CI is connected 
between the input and output of the amplifier At. The 

90 series arrangement of three resistors R3, R4 
and R5 is connected between the output of the 
amplifier A1 and the terminal 11. A selection switch 
SI has three selection contacts which are connected 
to the output of the amplifier A1, the junction 

95 of resistors R3 and R4 and the junction of resistors R4 
and R5, respectively. The pole of the switch 
SI is connected to the input of a digital voltmeter 
DVM the display of which forms the display 
device 5. 

100 Thus inthisembodimentthe photodiode 4forms 
the detection device, the operational amplifier 
and digital voltmeter form the conversion means, and 
the display on the digital voltmeter forms 
the meansfor displaying the converted signal. Clearly 

105 the conversion means may comprise 

furthersignal processing circuitry to llnearisethe 
response, to determine the measurement time, 
and to reduce the effects of noise. Such signal 
processing circuitry would be well known to those 

110 skilled in the art. 

A photo-diode or photo-transistor form convenient 
detection devices since they enable a low 
voltage power supply to be used enabling a compact 
battery operated unitto be constructed, 

1 1 5 However If greater sensitivity is required they would 
be replaced by a photomultipliertubeoran 
image Intensifier as discussed hereinbefore. The lens 
3 may be omitted If the detector 4 is suffici- 
ently sensitive. Since the purpose of the lens 3 isto 

120 convergetheemittedluminescenceonthe 
detector it could be replaced by other optical 
elements such as a mirror. 

The method may be usedforthe monitoring of 
microbiological contamination of a textile fa brie, 

125 forexample mildew on woollen cloth, orfor 
contaminationof other surfaces, for example in 
hospital operating threatres, and can be carried out 
simply without handling of the objects. 
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1 . A method of determining the quantity of living 
organisms atthesurface of an object, the 

5 living organisms having cells bearing a biochemical 
substance which is capable of reaction with a 
specific enzyme to produce bioluminescence 
comprising the steps of applying the surface an 
agent for the release of the biochemical substance 

1 0 from the cells, providing a bioluminescent 
agent for reaction with the released biochemical 
substance to produce bioluminescence and 
detecting the luminescence produced characterised 
in thatthe luminance is monitored by a detec- 

15 tion device which produces an electrical output which 
is dependent on the intensity of the lum- 
inescence falling on the detection device, thatthe 
electrical output is converted to a measure of the 
quantity of the living organisms present in a given 

20 area, and that the converted output is arranged 
to drive a display device. 

2. A method as claimed in Claim 1 , characterised 
in thatthe detection device comprises a 
photo-diode or a photo -transistor. 

25 3. Amethodasclaimed in Claim 1, characterised 
in thatthe detection device comprises a 
photomultipliertube. 

4. A method as claimed in any preceding claim, 
characterised in thatthe luminescence is 

30 focussed on the detection device by a lens. 

5. A method of determining the quantity of living 
organisms atthesurface of an objectsub- 
stantially as described herein with reference to the 
accompanying drawings. 

35 6. Apparatus arranged to carry outthe method of 
Claim 1, the apparatus comprising a detec- 
tion device for receiving the luminescence and 
converting the received luminescence to anelectri- 
cal signal whose magnitude is dependent on the 

40 Intensity of the received luminescence, means 

for converting the electrical signal to a signal which is 
representative of the quantity of living 
organisms present in a given area, and means for 
displaying the converted signal. 

45 7. Apparatus as claimed in Claim 6, in which the 
detection device comprises a photo-diode or a 
photo-transistor. 

8. Apparatus as claimed in Claim 6, in which the 
detection device comprises a photomultiplier 

50 tube. 

9. Apparatus as claimed in anyofClaims6to8, 
comprising means for focussing the received 
luminescence on the detection device. 

10. Apparatus as claimed in Claim 9, in which the 
55 focussing means comprises a lens. 

11. Apparatus as claimed in any of Claims 6 to 10, 
in which the display means comprises a 

digital voltmeter. 

12. Apparatus arranged to carry outthe method 
60 of Claim 1, the apparatus being substantially 

as described herein with reference to the 
accompanying drawings. 
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